The aim of this study was to investigate the association of three single nucleotide polymorphisms in the erythropoietin gene polymorphisms with diabetic retinopathy and additional role of gene-gene interaction on diabetic retinopathy risk. A total of 1193 patients (579 men, 614 women) with type 2 diabetes mellitus were selected, including 397 diabetic retinopathy patients and 796 controls (type 2 diabetes mellitus patients without diabetic retinopathy); the mean age of all participants was 56.7 AE 13.9 years. Three single nucleotide polymorphisms were selected: rs507392, rs1617640, and rs551238. The t-test was used for comparison of erythropoietin protein level erythropoietin levels in patients having different erythropoietin genotypes. Logistic regression model was used to examine the association between three single nucleotide polymorphisms and diabetic retinopathy. Odds ratio (OR) and 95% confident interval (95% CI) were calculated. Generalized multifactor dimensionality reduction was employed to analyze the impact of interaction among three single nucleotide polymorphisms on CVD risk. After covariates adjustment, the carriers of homozygous mutant of three single nucleotide polymorphisms have higher diabetic retinopathy risk than those with wild-type homozygotes, OR (95% CI) were 2.04 (1.12-2.35), 1.87 (1.10-2.41) and 1.15 (1.06-1.76), respectively. Generalized multifactor dimensionality reduction model indicated a significant three-locus model (p ¼ 0.0010) involving rs507392, rs1617640, and rs551238. Overall, the three-locus models had a cross-validation consistency of 10 of 10, and had the testing accuracy of 60.72%. Subjects with TC or CC-TG or GG-AC or CC genotype have the highest diabetic retinopathy risk. In conclusion, our results support an important association of rs507392, rs1617640 and rs551238 minor allele of erythropoietin with increased diabetic retinopathy risk, and additional interaction among three single nucleotide polymorphisms.
Introduction
Diabetic retinopathy (DR), which is a long-term complication of diabetes mellitus (DM) and a main cause of blindness and ocular morbidity, is characterized as a micro-vascular complication of diabetes and is always accompanied with other micro-vascular complications of diabetes. [1] [2] [3] The mechanisms underlying DR are still incompletely understood. Evidence suggested that damage for retinal blood vessels by long-standing hyperglycemia can lead to retinal hypoxia, which could stimulate the DNA-binding activity of hypoxia-inducible factor. Studies 4, 5 have suggested that the development of DR has been shown to have strong genetic components. In addition, vascular endothelial growth factor (VEGF), erythropoietin (EPO), interleukin-6 and advanced glycation end products are involved in this etiopathogenesis of DR, [6] [7] [8] [9] and EPO is considered to have an angiogenic potential equivalent to VEGF. 10 EPO was a glycoprotein which plays a major role in stimulation of bone marrow stem cells and erythropoiesis. The expression of EPO receptors in the retina 11 and vascular endothelial cells 12 has been demonstrated in previous studies. Some studies also reported that concentration of EPO in the vitreous of patients with DM and proliferative DR (PDR) risk was higher than that in controls. 10, 12, 13 Recently, some studies have focused on the association between EPO gene and DR risk; however, the results of these studies were inconsistent. [14] [15] [16] [17] In addition, it was known that genetic susceptibility to DR was related to several genes; however, till now no studies involved in the impact of interaction among many single nucleotide polymorphisms (SNPs) of EPO gene on DR were reported. So the aim of this study was to investigate the impact of association of three SNPs in the EPO gene polymorphisms, and additional role of multiple SNPs' interaction on DR risk, based on a Chinese case-control study.
Materials and methods

Subjects
This was a case-control study. Chinese patients with type 2 diabetes (T2DM) were consecutively recruited between February 2011 and October 2013 from the third affiliated hospital of southern medical university, China. The T2DM patients with DR were included in the case group, and T2DM patients without DR were included in the control group. The patients with end-stage renal disease (ESRD) were excluded. At last, a total of 1193 T2DM patients (579 men, 614 women), with a mean age of 56.7 AE 13.9 years, were selected, including 397 DR patients and 796 controls. All subjects were examined by ophthalmic examinations, including best-corrected visual acuity, slit-lamp bio microscopy, and fundus examination. All examinations were performed by the same ophthalmologist. Blood samples were collected from each participant. Written informed consent was obtained from each individual prior to participation in the study.
Body measurements
Data on demographic information, lifestyle risk factors and duration of diabetes for all participants were obtained using a standard questionnaire administered by trained staffs. Body weight, height, and waist circumference (WC) were measured according to standardized procedures. 18 Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. Two times of sitting blood pressure (BP) measurements were taken at 30-s intervals by trained observers using a standard mercury sphygmomanometer after the subjects had been resting for 5 min according to a standard protocol. The first and the fifth Korotkoff sounds were recorded as the SBP (systolic blood pressure) and DBP (diastolic blood pressure), respectively. The mean of the two BP measurements was used in the analysis. Blood samples were collected in the morning after at least 8 h of fasting.
All plasma and serum samples were frozen at À80 C until laboratory testing. Fasting plasma glucose (FPG) was measured using an oxidase enzymatic method. Concentrations of high-density lipoprotein (HDL)-cholesterol and triglyceride (TG) were assessed enzymatically by an automatic biochemistry analyzer (Hitachi Inc, Tokyo, Japan) using commercial reagents. All analysis was performed by the same lab.
Genomic DNA extraction and genotyping
We selected SNPs which have been reported that it was associated with DR, such as rs1617640 and rs551238 in EPO. We also selected some SNPs, which were not reported or few reported in previous studies, such as rs507392. Three SNPs were investigated in the current case-control study: rs507392, rs1617640, and rs551238. Genomic DNA from participants was extracted from EDTA-treated whole blood, using the DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Three SNPs were detected by Taqman fluorescence probe. Probe sequences of three SNPs were shown in Table 1 . ABI Prism7000 software and allelic discrimination procedure were used for genotyping of aforementioned three SNPs. A 25 l reaction mixture including 1.25 l SNP Genotyping Assays (20Â), 12.5 l Genotyping Master Mix (2Â), 20 ng DNA, and the conditions were as follows: initial denaturation for 10 min and 95 C, denaturation for 15 s and 92 C, annealing and extension for 90 s and 60 C, 50 cycles.
Diagnostic criteria
The criteria for the diagnosis of T2DM included a fasting glucose !126 mg/dl (7.0 mmol/l), or a 2 h postprandial blood glucose !200 mg/dl (11.0 mmol/l), or if hypoglycemic therapy (oral agents or insulin) had been started in the interim.
Diabetic retinopathy (DR) 19 was diagnosed with the presence of retinal hemorrhages, exudates, and macular edema. Neuropathy was diagnosed in the presence of persistent numbness, paresthesia, loss of hearing of the tuning fork, and sense of vibration.
Statistical analysis
The mean and standard deviation (SD) were calculated for normally distributed continuous variables, and percentages were calculated for categorical variables. The genotype and allele frequencies were obtained by direct count. Genotype distributions in DR patients and controls were evaluated by 2 test using SPSS (version 19.0; SPSS Inc., Chicago, IL, USA). The t-test was used for comparison of EPO protein level EPO levels in patients having different EPO genotypes. Hardy-Weinberg equilibrium (HWE) was performed by using SNPStats (available online at http://bioinfo.iconcologia.net/SNPstats). Logistic regression model was used to examine the impact of interaction among three SNPs on DR. Odds ratio (OR) and 95% confident interval (95%CI) were calculated. Odds were adjusted for gender, age, smoke and alcohol status, duration of diabetes, SBP, DBP, BMI, WC and HDL. Generalized multifactor dimensionality reduction (GMDR) 20 was employed to investigate the interaction among three SNPs. Some parameters were calculated, including cross-validation consistency, the testing balanced accuracy, and the sign test, to assess each selected interaction. The cross-validation consistency score is a measure of the degree of consistency with which the selected interaction is identified as the best model among all possibilities considered. The testing balanced accuracy is a measure of the degree to which the interaction accurately predicts casecontrol status with scores between 0.50 (indicating that the model predicts no better than chance) and 1.00 (indicating perfect prediction). Finally, a sign test or a permutation test (providing empirical P values) for prediction accuracy can be used to measure the significance of an identified model.
Results
A total of 1193 patients with T2DM (579 men, 614 women) were selected, including 397 diabetic retinopathy patients and 796 controls, and the mean age of all participants was 56.7 AE 13.9 years. Participant characteristics stratified by cases and controls are shown in Table 2 . The distribution of alcohol consumption was significantly different between cases and controls. The mean of duration of diabetes, BMI, WC, HDL, EPO level, SBP, and DBP was significantly different between cases and controls. We also compared EPO protein level in the different genotypes in three SNPs, and we found that the EPO protein level was the highest in subjects with mutation type homozygous genotype in the three SNPs (all P values were less than 0.001) (Figure 1 ).
There were significant differences in rs507392, rs1617640, and rs551238 alleles and genotypes distributions between cases and controls ( Table 3 ). The frequencies for three SNP minor alleles were higher in cases than that in controls, and C allele of rs507392 was 22.7% in controls and 28.8% in DR patients (p ¼ 0.001), and G allele of rs1617640 was 22.2% in controls and 27.3% in DR patients (p ¼ 0.006), and C allele of rs551238 was 29.2% in controls and 24.4% in DR patients (p ¼ 0.014). Logistic analysis showed a significant association between genotypes of variants in three SNP and increased DR risk, after adjustment for gender, age, smoke and alcohol status, duration of diabetes, SBP, DBP, BMI, WC and HDL. The carriers of homozygous mutant of three SNP polymorphism have higher DR risk than those with wildtype homozygotes, and OR (95% CI) was 2.04 (1.12-2.35), 1.87 (1.10-2.41), and 1.15 (1.06-1.76), respectively.
We employed the GMDR analysis to assess the impact of the interaction among three SNPs on DR risk, after adjustment for covariates including gender, age, smoke and alcohol status, duration of diabetes, SBP, DBP, BMI, WC, and HDL. Table 4 summarizes the results obtained from GMDR analysis for one-to three-locus models. There was a significant three-locus model (p ¼ 0.0010) involving rs507392, rs1617640, and rs551238, indicating a potential gene-gene interaction among rs507392, rs1617640, and rs551238. Overall, the three-locus models had a cross-validation consistency of 10 of 10, and had the testing accuracy of 60.72%.
In order to obtain the odds ratios and 95%CI for the interaction among rs507392, rs1617640, and rs551238, we conducted interaction analysis among three SNPs by using logistic regression. We found that subjects with TC or CC-TG or GG-AC or CC genotype have the highest DR risk, compared to subjects with TT-TT-AA genotype, OR (95% CI) was 3.84 (1.75-8.33), after adjustment for gender, age, smoke and alcohol status, duration of diabetes, SBP, DBP, BMI, WC, and HDL (Table 5 ). 
Discussion
In the present study, we found that there was a significant association between EPO genotypes of variants in three SNPs and increased DR risk. There were higher DR risks in the carriers of C allele of 507392, G allele of rs1617640 and C allele of rs551238, suggesting that variants in three SNP were associated with increased DR risk. The human EPO gene is located on chromosome 7q21. Previous studies have focused on the relation of EPO gene and DR; however, the results were inconsistent. Balasubbu et al. 17 indicated that rs1617640 was not associated with DR, which was consistent with the results of study for Chinese population. 16 In contrast to the aforementioned results, Abhary et al. 14 SNPs of EPO gene (GG genotype of rs1617640, and CC genotype of rs551238, CC genotype of rs507392) were associated with increased susceptibility of DR in Caucasian T2DM subjects, which were consistent with the results in the present study. However, Williams et al. 21 conducted a meta-analysis and indicated little evidence for the association of the EPO promoter polymorphism, rs161740, with the combined phenotype of proliferative retinopathy and end-stage renal disease, and they presented evidence that several previously reported genetic associations with DN in type 1 diabetes could not be replicated in a large, homogeneous sample of subjects with type 1 diabetes. A recent study conducted by Hosseini et al. 22 also suggested that rs1617640 (EPO) was not significantly associated with DR status, combined SDR-DN phenotype, time to SDR or time to DN, and provide suggestive collective evidence for association between DR and variants previously associated with DN without reaching statistical significance at any single locus. In another study conducted on a Caucasian T2DM cohort, the allele T in SNP rs1617640 was shown to be associated with an increased risk of PDR, 15 and a major and important difference between the two cohorts is the complete lack of ESRD in the Abhary et al. study, compared with the majority of cases having ESRD in the Tong et al. study. A previous study in Chinese population by Song and colleagues 16 carried out a similar investigation and reached a different result. A possible explanation for this difference was that the sample of the current study was larger than that in study by Song et al. Animal studies 15, 23 have shown that increased EPO concentrations in ischemic retinas and EPO inhibitors preventing neovascularization, further supporting the role of EPO in the development of PDR. 23 It was known that genetic susceptibility to DR was related to several genes; however, no study involved in the interaction among many SNPs of EPO gene was conducted previously. In this study, we analyzed the interaction among three SNPs by using GMDR model, and found a significant interaction among rs507392, rs1617640, and rs551238, and that subjects with TC or CC-TG or GG-AC or CC genotype have the highest DR risk. EPO is an important cytokine which could stimulate migration, proliferation, and angiogenesis in vascular endothelial cells. 24, 25 EPO expression has been shown to be influenced by SNPs in EPO 16 and is elevated in the subjects with PDR. 10, 13, 26 EPO is considered as a biologically plausible candidate gene with potential to influence susceptibility to develop DR. Chen et al. 23 also suggested that the increase of intraocular synthesis of EPO that occurs in DR can be considered to be a compensatory mechanism for restoring the damage induced by DM rather than a pathogenic contributor. This study suggested a significant association between EPO gene variation and DR. In addition, although carriers of C allele (AA þ AC) in rs551238 were not associated with DR, we still found a significantly association with DR risk when accompanied with rs507392 and rs1617640. These findings indicate that a minor gene (even when its main effects are close to nil) can have a strong effect on DR, due to the presence of gene-gene interaction, which was consistent with a Chinese study. 27 The limitations of this study should be considered. First, the present sample size was relatively small, although the number of study participants met the requirement for analysis. Additional, larger sample studies should be conducted in the future. A slight deviation from HWE was observed in the control group, because the control subjects were also DM patients. Third, we did not examine the variability of biochemical markers in function of different EPO genotypes. In conclusion, we found that there was a significant association between three SNPs of EPO and increased DR risk. DR risks were higher in the subjects with C allele of 507392, G allele of rs1617640 or C allele of rs551238 genotype. In addition, we also found a significant interaction among rs507392, rs1617640, and rs551238, and also that subjects with TC or CC-TG or GG-AC or CC genotype have the highest DR risk.
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